Lipid-like behavior of signal sequence peptides at air–water interface  by Ambroggio, Ernesto E. & Fidelio, Gerardo D.
Biochimica et Biophysica Acta 1828 (2013) 708–714
Contents lists available at SciVerse ScienceDirect
Biochimica et Biophysica Acta
j ourna l homepage: www.e lsev ie r .com/ locate /bbamemLipid-like behavior of signal sequence peptides at air–water interface
Ernesto E. Ambroggio, Gerardo D. Fidelio ⁎
Centro de Investigaciones en Química Biológica de Córdoba, (CIQUIBIC, UNC–CONICET), Departamento de Química Biológica, Facultad de Ciencias Químicas, Universidad Nacional de Córdoba,
Haya de la Torre y Medina Allende, Ciudad Universitaria, X5000HUA, Córdoba, ArgentinaAbbreviations: SSP, signal sequence peptide; ASS, hu
peptide; ESS, signal sequence peptide of rat elastase; P
infrared reﬂection-absorption spectroscopy; PSS, dog p
peptide; RTP, chloroplast transit peptide of the Ribulose
oxygenase
⁎ Corresponding author. Tel.: +54 351 4334168 int 3
E-mail address: gﬁdelio@dqb.fcq.unc.edu.ar (G.D. Fid
0005-2736/$ – see front matter © 2012 Elsevier B.V. Al
http://dx.doi.org/10.1016/j.bbamem.2012.11.004a b s t r a c ta r t i c l e i n f oArticle history:
Received 9 May 2012
Received in revised form 18 October 2012
Accepted 5 November 2012







Interfacial peptide structureSeveral protein transport processes in the cell are mediated by signal sequence peptides located at the
N-terminal side of the mature protein sequence. To date, the speciﬁc interaction and the stability of these
peptides at the amphipathic interface of biological membranes and the relevance of the peptide conformation
when they interact with lipids is not clear. We report the surface properties and the peptide–lipid interaction
of three signal sequence peptides at the air–NaCl 145 mM interface by using the Langmuir monolayer ap-
proach. These synthetic peptides have a natural sequence with a non-periodic amphiphilicity, where hydro-
phobic and hydrophilic residues are located on opposed sides of the peptide primary sequence. We show that
signal sequence peptides form insoluble monolayers of high stability against lateral compression. At close
packing, peptide molecular area, surface potential and the high stability of the peptide monolayer are indic-
ative that signal sequence peptides are compatible with a β-sheet conformation at the interface. Structure
was conﬁrmed with PM-IRRAS and transmission FT-IR studies. The peptides show lateral miscibility with ei-
ther POPC (a liquid-expanded lipid) or DPPC (a liquid-condensed lipid) in mixed peptide–lipid monolayers.
This indicates that signal sequence peptides studied are laterally miscible with phospholipids independent of
the phase state of the lipid.
© 2012 Elsevier B.V. All rights reserved.1. Introduction
Signal sequence peptides (SSP) are N-terminal extensions of
newly synthesized proteins that need to face membranes, for exam-
ple the ER, mitochondria, the thylakoid compartment, etc. [1,2]. Sig-
nal sequence peptides have a wealth of functional information, they
have high homology, all have a hydrophobic core (H-region) rich in
Phe, Leu, Ileu, Met, Val, Trp, a positively charged amino terminal re-
gion (N-region) and a polar carboxy-terminal C-region [3]. They con-
tain speciﬁc information for performing distinct functions for protein
targeting and membrane insertion and also play an important role
after their cleavage from the parent protein [4–6].
The recent review of Matlin [7] celebrating the 40th anniversary of
the launch of the signal hypothesis, ﬁrstly presented by Blobel and
Sabattini in 1971 [8], gives a summary for the huge amount of work
done on this topic and emphasizing all the protein machinery involved
in protein translocation. SSP candirect proteins thoroughdifferent trans-
location pathways. Proteins can be co- or post-translational targeted
tomembranes when still unfolded. The Sec transloconmachinery assists






l rights reserved.way. Recently, the structure of SSP bound to Methanococcus jannaschii
SRP core was reported at 3 Å resolution [9]. The Tat-system is another
SSP mediated system but independent of the Sec apparatus identiﬁed
in chloroplast and bacteria, where its distinctive feature is a twin argi-
nine localized immediately up stream in the H-region of the SSP [10].
Recently it was suggested, for transmembranes helices insertion,
that a minimum of leucine residues in a synthetic construct are need-
ed to overcome the energetic cost of hydrophobic mismatch and it is
improved if lysine residues are ﬂanking the peptide segment. The au-
thors concluded that the recognition of the transmembrane segment
by the translocon machinery involves physical partitioning of the non-
periodic amphiphilic peptide into phospholipids [11]. The intimate con-
tact of SSP with lipids once targeted to the membrane has been corrob-
orated by crosslinking experiments [6]. During or after translocation,
SSPs are cleaved off by a signal peptidase [6,12]. Furthermore, it was
claimed that SSPs within the membrane can be additionally processed
by intramembrane presenilin-like proteases (SSP–peptidase) promot-
ing fragments with potential biological effects after membrane desorp-
tion or removal [13]. So, in the one-way dynamic path of the SSP from
the insertion to its removal, there would be no doubt that in the time in
which SSP is intimately interactingwithmembrane lipids, the interaction
should be compatible with the non-leaky properties of the membrane.
The ability to keep the permeability barrier of the membrane during
protein translocation take places, in both co- andpost-translational trans-
location and in all the subsequent steps, has been recently considered
by Rapoport [6]. Although, the role of membrane lipids has been rather
unconsidered and, far less the surface properties of signal sequences.
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protein translocation with emphasis in the thermodynamic viability
and energetic requirements of the process [14–18].
Within these functions, we are interested on the physical bases
of how SSPs interact with the membrane lipids before its cleavage
[10]. For this direct membrane–peptide interaction, the individual in-
terfacial physical properties of the SSPs and their interaction with
lipids have to be determinant. In order to better understand the phys-
ics involved in this SSP–lipid association, we have studied the individ-
ual surface properties of three different SSP and their interaction with
lipids that present different phase state at the interface (POPC, a ﬂuid
lipid and DPPC, a condensed lipid), at the air–NaCl 145 mM interface.
Also, we compared the interfacial properties of the SSPs with the previ-
ously reported data of othermembrane-interacting peptides likemelittin
[19], the antibiotic peptides Maculatin and Citropin [20], the chloroplast
transit peptide of the Ribulose 1,5-bis-phosphate carboxylase-oxygenase
(RTP) [21] and the transmembrane M1 segment from the acetylcholine
receptor [22]. The approach used for all surface studies, analyzing pure
peptides and peptide–lipidmixtures, was the Langmuir monolayer tech-
nique. Also, we have determined the secondary structure of the peptides
either in bulk (in presence of SDS micelles) or directly at the air–NaCl
interface where the SSPs are organized as a pure peptide monolayers.
Weused transmission Fourier-transformed infrared (FT-IR) spectroscopy
for the bulkmeasurements and polarized-modulated infrared reﬂection-
absorption spectroscopy (PM-IRRAS) in order to assess peptide structure
at the air–NaCl interface.
From monolayers composed of SSPs, we found that the human al-
bumin signal sequence peptide (ASS), the dog pretrypsinogen signal
sequence peptide (PSS), and the signal sequence peptide of the rat
elastase (ESS) (Table 1) have a remarkable high stability against lateral
compression. From peptide–lipid mixed monolayers all three peptides
were miscible with POPC and DPPC where ASS and PSS form ideal mix-
tureswhile ESS–lipidmixedmonolayers show repulsive forces. Structur-
al analyses gave us the evidence that the peptides preferentially adopt a
β-sheet structure either in bulk or at the air–NaCl interface, and this
structure may confer the high stability to the peptide in a amphiphilic
environment.
2. Materials and methods
2.1. Lipids and reagents
2 Dipalmitoyl-sn-Glycero-3-Phosphocholine and 1-palmitoyl-2-
Oleoyl-sn-Glycero-3-Phosphocholine lipids (DPPC and POPC respec-
tively) were purchased from Avanti Polar Lipids co (Alabaster, AL,
USA), 2H2O and SDS from Sigma-Aldrich Chem. Co. (St. Louis.MO, USA).
2.2. Peptides source
Peptides were synthesized on p-alkoxybenzylpolystyrene with
ﬂourenylmethoxycarbonyl protected amino acids on an Milligen
9050 Peptide Synthesiser using the protocol described by the manufac-
turers, cleaved and de-protected by incubation in 50% TFA, 5% anisole,
2.5% ethyl methyl sulphide and 42.5% dichloromethane for 2 h, triturat-
ed in diethyl ether, then puriﬁed by reverse-phase HPLC on a C8 Rainin
column as previously reported [21,23]. ASS was synthesized during aTable 1
Peptide primary structure.
Human Albumin Signal Sequence (ASS)
LYS-TRP-VAL-THR-PHE-ILE-SER-LEU-LEU-PHE-LEU-PHE-SER-SER-ALA-TYR-SER
Trypsinogen Signal Sequence (PSS)
ALA-LYS-LEU-PHE-LEU-PHE-LEU-ALA-LEU-LEU-LEU-ALA-TYR-VAL-ALA
Rat Elastase Signal Sequence (ESS)
LEU-ARG-PHE-LEU-VAL-PHE-ALA-SER-LEU-VAL-LEU-TYR-GLY-HIS-SER-THR-GLU-
ASP-PHE-PRO-GLU-THR-ASN-ALAstay of GDF in the laboratory of Dr. BrianAusten, Department of Surgery,
St. George's Hospital Medical School, London. Samples of PSS and ESS
were kindly donated by Dr. Austen.2.3. FT-IR experiments
Transmission FT-IR spectra of signal sequence peptides (6.7 mg/ml)
in a 15% SDS solution in 2H2Owere recorded 12 h after sample prepara-
tion (to ensure a completeH/D exchange) on aNicolet Nexus spectrom-
eter (Thermo Scientiﬁc,West Palm Beach, FL), at room temperature in a
CaF2 cell with a 0.1 μm Teﬂon spacer. Before FT-IR measurements, the
peptides were lyophilized several times from 10 mM HCl in order to
eliminate traces of TFA. The IR chamber was continuously purged with
dry air to eliminate water vapour interference. 100 scans were signal-
averaged at a resolution of 2 cm−1 and the spectra of peptide-free sam-
pleswere subtracted from the spectra of thepeptide-containing samples
by using OMNIC E.S.P. 5.1 (Thermo Scientiﬁc, West Palm Beach, FL) soft-
ware. Fourier self-deconvolution was performed and the values for the
bandwidth and the enhancement for the deconvoluted spectra were
18 cm−1 and 2, respectively. The band ﬁtting was performed as de-
scribed by Nolan et al. [24].2.4. PM-IRRAS experiments
PM-IRRAS was performed using a KSV PMI 550 instrument (KSV
Instruments Ltd. Helsinki, Finland) with a built in Fourier Transform
IR-spectrometer in similar way as described by Vico et al. [25]. One
arm of the goniometer bears a PM-unit (ZnSe photoelastic modulator)
and a highly sensitive MCT-detector is mounted on the other arm. The
spectra were acquired with a resolution of 8 cm−1 over a spectral range
of 800–4200 cm−1. The Langmuir trough (32.7 cm x 7.5 cm; volume=
150 mL) was set up so that the light beam reached the monolayer at
a ﬁxed angle of incidence of 80°and the frequency of wavelength modu-
lation used was 1500 cm−1. The incident light was continuously modu-
lated between s and p polarization at a high frequency (2f=100 kHz).
This allows the simultaneous measurement providing the reference
spectrum. Because the spectra are measured simultaneously the effect
of water is largely reduced. The baseline was acquired on a peptide-
free NaCl 145 mM solution (subphase). Each spectrum was obtained
with 6000 scans accumulation at a temperature of 23–25 °C. Pure pep-
tide monolayers were formed by direct spreading from a chloroform:
methanol (2:1, v/v) solution by using a micro-syringe and the solvent
was allowed to evaporate for at least 5 min before compression was
started.2.5. Langmuir monolayer experiments
Langmuir monolayer experiments of pure peptide or peptide–lipid
mixture were also performed using a home-made equipment where
the total surface area of the Teﬂon trough was 80 cm2 and the volume
of the subphase was 75 ml as previously reported [20]. As for PM-
IRRAS experiments, lipids and peptides were dissolved in chloroform:
methanol (67:33, v/v) solution. For peptide–lipid mixed monolayers,
peptides and lipids were premixed at the desired proportion from
their respective pure solutions, and then directly spread onto the sur-
face. The surface pressure (Π) (measured employing the Wilhelmy
method via platinized-Pt plate), the area enclosing the monolayer, and
the surface potential (ΔV) (determined with a milliVoltmeter detecting
the tension generated between an air-ionizing 241Am plate and a calo-
mel electrode pair) were automatically measured (with the control
unit Monoﬁlmmeter with Film Lift, Mayer Feintechnique, Göttingen,
Germany). The data were recorded continuously and simultaneously
with a double channel X-YY recorder.
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3.1. Pure peptide monolayers
Fig. 1A shows the surface lateral pressure and surface potential
(П and ΔV) versus molecular area (A) compression isotherms of pure
signal sequence peptide monolayers at the air–NaCl interface. Like
other signal sequence peptides [23], these peptides have a high lateral
collapse pressure (Пc) of about 40 mN/m. The collapse pressure is an
useful parameter to measure the lateral stability [26,27]. The higher is
Пc much more stable is the monolayer against lateral compression. To
be comparative, the collapse pressure observed for the signal sequence
peptides is quite close to the Пc observed for pure lipid monolayers,
molecules that conform very stable monolayers. Also, Пc is the point
of the highest lateral molecular packing of the molecules restricted at
themonomolecular array. At this point it is possible to assess themolec-
ular area occupied for each peptide and to measure the dipolar contri-
butions of the conﬁned molecules to the surface potential. We found
that ASS and PSS have a molecular area of 0.50 and 0.60 nm2/molecule,
respectively, accompanied by rather low values of surface potential. For
ESS a higher molecular area and surface potential was observed, more
compatible with a β-hairpin perpendicular to the surface. The surface
parameters for the three signal sequence peptides are summarized
in Table 2. From geometrical analyses, the most probable secondary
structure that can be inferred for the peptides from these data (lowFig. 1. Pure peptide monolayers. (A)Π-A (solid line) and ΔV-A (dashed line) compression iso
(B) Molecular model of a α-helix (left) and a β-sheet (right) peptide perpendicular to the inte
angle, respectively). Purple arrowdenotes the dipole contribution of the peptide bond for each s
a result of the sum of the single dipoles from of each peptide bond. The contrary is seen for a β-
each other in this array.molecular area and surface potential) is a β-sheet structure perpendic-
ular to the interface (see Fig. 1B). In order to corroborate this deduced
structure we performed Fourier-transformed infrared spectroscopy
(FT-IR) and polarized-modulated infrared reﬂection-absorption spec-
troscopy (PM-IRRAS). Both techniques allow for directly determining
the protein secondary structure of the peptides either in bulk solution
(FT-IR) or directly at the air–NaCl interface (PM-IRRAS).
3.2. FT-IR spectroscopy of signal sequence peptides in the presence of SDS
micelles
The FT-IR technique it is a well-known technique that allows to
straightforwardly measure the secondary structure of peptides and
proteins. The amide I absorption band (between 1700 and 1600 cm−1)
is associated mainly to the stretching of the C O and C―N groups of
the peptide bondwhere each secondary structure shows a characteristic
absorption band [24,28].
From Fig. 2A, B and C, it is possible to see that the main absorption
bands in the amide I region for the signal sequence peptides in pres-
ence of the SDS micelles (15% in 2H2O) are located around 1622 and
1626 cm−1. These frequencies are characteristic of the β-sheet second-
ary structure [28]. In Fig. 2A, B and C we also summarizes band contri-
butions to the amide I region for ASS, ESS and PSS. We have chosen
SDS micelles to mimic amphiphilic environment in bulk since it was
used for many authors in the past to explore the structure of cleavabletherms of pure ASS (1), PSS (2) and ESS (3) monolayers. Subphase: NaCl 145 mM (pH 6).
rface. Note the difference in areas for the transversal cut of each structure (circle and rect-
tructure. It is remarkable how anα-helical peptide perpendicular shows amacro-dipole as
sheet peptide perpendicular to the interface where the dipole of the peptide bond cancels
Table 2






ASS 0.5 38 130
PSS 0.6 42 250
ESS 1.4 41 380
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ture adopted by the transmembrane M1 segment from the acetylcho-
line receptor [22], the well known amphiphilic melittin [37] which
surface properties and lipid miscibility at air–water interface was avail-
able [19,22]. All these previous reported evidences allowus the compar-
ison of the data in similar systems.
3.3. PM-IRRAS of signal sequence peptides at the air–NaCl interface
From the FT-IR data it is clear that the peptides in bulk adopt
mainly a β-sheet structure. We wanted to know whether this was
the same when the peptides were conforming monolayers at the air–
NaCl interface. To measure this, we took advantage of the PM-IRRAS
technique. As for transmission FT-IR, in PM-IRRAS themost useful infor-
mation about protein secondary structure comes from the Amide I band
[38,39]. Fig. 2D shows the PM-IRRAS spectra of ASS, PSS and ESS at high
molecular packing. As can be observed, a strong band is present around
1620 cm−1 for ESS and ASS while PSS presents two typical signals at
1633 cm−1 and 1660 cm−1 all corresponding to a β-sheet peptide
array at the interface [38,40]. For comparison purposeswe also included
the measurements from a monolayer composed by the lytic α-helical
peptide melittin. As it can be appreciated the difference is clear-cut.
Melittin does not have the characteristicβ-sheet bands found in spectra
of the signal sequence peptides and, on the other hand, shows a strong
band around 1650 cm−1, characteristic of a α-helix.Fig. 2. Structural analyses of signal sequence peptides. Transmission FT-IR of ASS (A), PSS (
experimental FT-IR signal while the red spectrum is the calculated spectrum that results
from melittin (black), ASS (green), PSS (cyan) and ESS (red) monolayers at maximal packin
lines indicate the typical frequencies for an α-helix (solid) or a β-sheet (dashed) conforma3.4. Mixed peptide–lipid monolayers
From the above-described data, we now wanted to know how
β-sheet peptides interact with lipids in mixed peptide–lipid mono-
layers when lipids have different physical properties at the air–NaCl
interface. In order to answer this, we investigated the behavior of
mixed SSP/lipid monolayers using POPC, an expanded lipid, and DPPC,
a condensed lipid when lateral pressure is higher than 15 mN/m.
Mixedwith either POPC orDPPCwe found that all three signal sequence
peptides are miscible with the lipids. This is concluded since a single
collapse pressure (Πc) is observed from the П–A compression iso-
therms of the mixed monolayers (Fig. 3, see surface phase rule in
[26]). This behavior was always observed regardless the peptide–lipid
ratio. Moreover, as expected for a miscible behavior, the Πc of mixed
peptide–lipidmonolayer depends on the proportion of the components
in the mixture (see [26]).
Also, we wanted to understand whether the mixed peptide–lipid
monolayers behaved as ideal or non-ideal mixtures. For this purpose
we compared the ideal area that themixedmonolayer would havewith
the experimental area (obtained from the compression isotherms of
the peptide–lipid monolayers) using the following equation (Eq. (1)):







where Alipid and Apeptide, are the respective individual molecular areas
taken from the pure lipid or peptide compression isotherms at a speciﬁc
surface pressureΠ. Xlipid and Xpeptide are the mole fraction of each com-
ponent in the mixed monolayer. From these analyses we found that for
ASS and PSS, either mixedwith POPC or DPPC, there were no signiﬁcant
deviations from the ideal regime (Fig. 4). On the other hand, ESS showed
a positive deviation (Fig. 4) whenmixedwithDPPC or POPC. Thismeans
that repulsive forceswould be playing an important role for thismixture
[27]. In addition, for all signal sequence peptides mixed with DPPC, it
is possible to see that the liquid expanded to liquid condensed phaseB) and ESS (C) suspended in 15% SDS (2H2O). The black spectrum corresponds to the
from the ﬁtted Gaussian bands (red dashed curves). (D) PM-IRRAS spectra obtained
g (16, 35, 23 and 35 mN/m, respectively). Subphase: NaCl 145 mM (pH 6). The vertical
tion.
Fig. 3. Signal sequence peptide–lipid mixed monolayers. Π-A (solid line) and ΔV-A (dashed line) compression isotherms of DPPC-ASS (A), DPPC-PSS (B) and DPPC-ESS (C) at
peptide–lipid area proportions of 0.25–75 (1), 0.5–0.5 (2) and 0.75–0.25 (3). (D) Π-A (solid line) and ΔV-A (dashed line) compression isotherms of POPC-ASS (1), POPC-PSS
(1) and POPC-ESS (3) at the peptide–lipid area proportion of 1:1. Subphase: NaCl 145 mM (pH 6).
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B and C).
4. Discussion
In agreement with previous ﬁndings [23], our results show that
monolayers of SSPs have high stability against the lateral compres-
sion at the air–NaCl interface. We attributed this stability as the effect
of having a peptide monolayer where the molecules adopt a β-sheet
secondary structure and then presenting the possibility to form an
inﬁnite planar array on the interface with a high degree of molecular
self-association [23,41–43]. We conﬁrmed this secondary structure
by directly measuring the peptide secondary structure either in bulk
or in-situ on the air–NaCl interface. In addition, the low surface po-
tential showed by these peptides can be attributed to this structure
too because the dipole of the peptide bond might be parallel to the
plane of the interface (Fig. 1B), contrasting with the higher surfaceFig. 4. Interaction within components in a peptide–lipid mixed monolayer. Ideal mean molecu
obtained from the compression isotherms of the signal sequence peptide–lipid monolayers (s
square), PSS (line 2, triangle) and ESS (line 3, circle). Subphase: NaCl 145 mM (pH 6).potential found for both more helical amphipathic peptides, checked
in similar systems, such as melittin [19] or the transmembrane M1
segment from the acetylcholine receptor [22]. ASS and PSS have a
clear β-sheet proﬁle with a compatible molecular area of an extended
β-strand perpendicular to the interface. The peptide corresponding to
EES sequence shows an important shoulder at 1670 cm−1 in its FT-IR
proﬁle (Fig. 2) compatible with a β-hairpin structure, in keeping with
the higher molecular area certainly found for this peptide.
From mixed peptide–lipid monolayers we found an interesting
behavior. DPPC and POPC were used in this work because they have
a marked difference in the interfacial physical properties (DPPC has a
liquid expanded to liquid condensed phase transition in contrast with
POPC that is a full liquid-expanded lipid). With both lipids all the pep-
tides have lateral miscibility at the all peptide–lipid mole ratio studied.
PSS and ASS showed an ideal behavior when the experimental area of
the mixture is compared with the ideal area. A different observation
was found for ESS where positive deviations from the ideal mixturelar area (solid line) compared with the experimental mean molecular area (see Eq. (1)),
ymbol) at different peptide–lipid ratios. (A) DPPC and (B) POPC mixed with ASS, (line 1,
713E.E. Ambroggio, G.D. Fidelio / Biochimica et Biophysica Acta 1828 (2013) 708–714were observed (Fig. 4). This reﬂects that there are repulsive interactions
between the components of themixedmonolayer. This canbe due to the
presence of charged residues in the peptide sequence (see Table 1) and
also that part of the sequence of the mature protein is present in the
peptide sequence (Table 1). Additionally, it is interesting to denote
that in mixed SSP–DPPC monolayers the liquid expanded→ liquid con-
densed phase transition was still observable at low peptide–lipid ratios
but barely noticed when the peptide proportion was high. Probably
this points out that the presence of SSPs can ﬂuidize the lipid phase, a
fact that would be very interesting to measure by using ﬂuorescence
microscopy coupled to the Langmuir monolayer technique.
From our laboratory, several reports describing the surface prop-
erties of monolayers composed by α-helical peptides have been pub-
lished. We ﬁnd several differences in the surface properties and in the
peptide–lipid interaction of the signal sequence peptides in compari-
son to those of the α-helical peptides (melittin [19], the antibiotic
peptides Maculatin and Citropin [20], the chloroplast transit peptide
of ribulose 1, 5 bisphosphate carboxilase-oxygenase [21] and the
transmembrane M1 segment from the acetylcholine receptor [22]).
These α-helical peptides form insoluble monolayers with low Πc,
meaning that this structure has a low degree of self-association and
then generating monolayers with low stability, a remarkable differ-
ence with the high stability of the monolayers made of SSPs. Also,
α-helical peptides show a completely immiscible behavior with
phosphocholine lipids reﬂecting that miscibility can be a typical prop-
erty of peptides that adopt a β-structure at the interface, like the
studied SSPs. Another important difference is that the surface poten-
tial of α-helical peptides is clearly higher than the surface potential of
the signal sequence peptides. In our model (Fig. 1B), the reason of this
difference might be because there is a dipole summation from the pep-
tide bond in theα-helix structure perpendicular to the interface, gener-
ating amacro-dipole. On the other hand, the dipole of a β-sheet peptide
oriented perpendicular to the interface would lay parallel to this plane
avoiding a macro-dipole formation [44–46].
The secondary structure of SSPs in amphipathic medium is still a
matter of debate [16,17,29–31,33,35,47–51]. Some authors reported
that a β-sheet structure was compatible with functionality [29,47].
Batemburg et al. [30] found a α-helical in SDS micelles but a predom-
inant β-sheet structure in Lubrol detergent or in lysoPC micelles for
PhoE signal sequence. Briggs et al. [48] and Cornell et al. [51] testing
the λ receptor and LamB protein from E. coli, respectively, found either
α-helix or β-sheet depending on the lateral surface pressure in which
the ﬁlms were the ﬁlms were transferred to solid substrates before
ATR-FTIR and CD analyses. From all these data, SSPs may be considered
as adaptable molecules to ﬁt and face the different translocation steps
conﬁned to a restricted space at the amphiphilic membrane. The recent
report of Hainzl et al. [9] by which a structural ﬂexibility was observed
on the hydrophobic pocket of SSP–SRP interaction domain does not
invalidate with our data.
5. Conclusions
How is the protein transport and translocation thorough the mem-
brane? How is the protein–lipid interaction at the interface as a product
of this transport? These questions are the reason of several studies de-
veloped from several decades to this date. Our experimental results
led us to conclude that the analyzed SSPs interact with model mem-
branes, are incorporated into the lipidmonolayer, and resist high lateral
pressures at the interface. This study also shows that the kind of inter-
action may depend on the secondary structure that the peptide adopts
at the interface. SSPs, which present a β-sheet structure at the interface,
show a miscible behavior independently of the physical state of the
lipid. This can be biologically relevant for the transport of proteins be-
cause it involves a complex machinery, and the transport could be pos-
sible because the peptides do not have a preferential interaction with
lipids in a determinate physical-state and resist high lateral forces thatallow the SSP to remain inserted in the membrane. Taken together all
this property appears as relevant in order to keep the amphipathic
membrane sealed during translocation and further SSP processing.Acknowledgments
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